Introduction
In rehabilitation, occupational and insurance medicine, the model of workload (mental and physical task load) and work capacity (ability to execute a task) [1] is frequently used in patients suffering from chronic non specific musculoskeletal pain. Following this model, an imbalance in which workload exceeds work capacity contributes to the onset and persistence of musculoskeletal pain [2] . A balance in which work capacity is at least equal to or exceeds the workload is deemed necessary to return to work successfully. Increase in functioning by restoring the balance between workload and work capacity by means of decreasing load and/or increasing capacity is a main treatment goal in occupational rehabilitation programs. While this model appears to be practical and logical, supporting evidence for this model remains scarce. One of the reasons may be that objectifying work capacity as well as objectifying workload in relation to functioning at work still is practically and scientifically challenging [3;4] .
To assess workload, questionnaires and direct measurements are used. Questionnaires can be administered practically and at low costs, making application attractive. A limitation of questionnaires is that subjects are known to report higher workload than can be quantified by direct measurements [5] [6] [7] . This may severely threaten the validity of the questionnaire. To gain more objective data on workload, Work Place Assessments (WPA) can be used. WPA's, however, when performed correctly, are expensive and time consuming. WPA, therefore, is often an inappropriate assessment to validly measure workload of an individual patient. Summarized, each assessment method has strengths and weaknesses and a gold standard for measurement of workload is unavailable.
Direct measurements on work capacity, as proposed by the model of van Dijk et al. [1] , can be performed using Functional Capacity Evaluations (FCE). FCEs are evaluations designed to measure the capacity to perform activities and are used to make recommendations for participation in work while considering the person's body functions and structures, environmental factors, personal factors and health status [8] . FCEs are applied in rehabilitation, occupational and insurance [9] medicine. In the past few years, there's growing evidence of the added value and psychometric properties of FCEs [10] . FCE may, therefore, be a useful addition to the assessments listed above.
Worldwide, there are many FCE protocols, all addressing different aspects of work capacity or functional capacity. An FCE protocol can be job-specific [11] , pathology specific [12] [13] [14] or be of a more generic nature addressing multiple activities of functioning in daily life. To enable the translation of FCE results into a recommendation for work ability, the results can be compared to the physical work demands which are described in the Dictionary of Occupational Titles (DOT) [15] . The DOT is a systematic coding scheme and lists 20 physical work demands of approximately 20,000 different professions [15] . The DOT classifies all professions into 5 categories of physical workload, based on intensity and duration of lifting or carrying and of amount of metabolic equivalents (METS) expenditure needed for the job. These categories are: sedentary, light, medium, heavy, very heavy [15] . However, validity of the DOT has never been scientifically tested nor has it been based on quantitative work-related task analyses, but rather on consensus meetings of experts [3] . Recently, it was explored whether different outcome measures of the WorkWell protocol for FCE could be matched with the work demands of the DOT and if this match between work capacity and workload could predict sick leave of patients with Chronic Low Back Pain in the year following rehabilitation treatment. It was concluded that the results of 7 tests could directly be matched with the work demands of the DOT. However, sick leave and work ability after one year follow-up were found not to be predictive [4;16] .
When trying to translate data gathered from a FCE into work recommendations one has to know whether a specific capacity such as lifting is acceptable and sufficient to meet the workload. Additionally, one needs to know the "norms" within the specific line of industry in which the patient works [17] . Normative values for Functional Capacity (FC) may be a step forward in research and practice and narrow the gap between workload and work capacity. They may help clinicians to compare the results of a patient's FC to normative values for patients' specific physical demand category. On the basis of this comparison, clinicians can make more accurate return to work (RTW) recommendations and set goals for rehabilitation programs. For clinical interpretation, it is assumed that when FC of healthy workers is equal to or exceeds their workload, the FC of healthy workers may be considered the "norm" to which the FC of patients can be compared. Comparing FC to normative values of healthy subjects performing in the same category of workload may indicate the following: − When FC of patient  lowest valid cut-off point of the relevant norm group: FC of patient is sufficient to meet the workload. − When FC of patient < lowest valid cut-off point of the norm group: it is unknown if patient's FC is sufficient to meet the workload. Additional assessment of physical work demands related to capacity may be necessary.
The advantage of comparing FC to normative values instead of workload is that it enables clinicians to screen for potential imbalance between workload and work capacity without performing a WPA and to gain additional information concerning FC of patients in relation to a norm group. These normative values are to the best of our knowledge, unknown or unpublished for any FCE protocol. The aim of this study was to gain normative values for an FCE in a sample of healthy workers.
Methods

Subjects
To collect normative values for the FCE, data of healthy subjects were obtained. Included were working subjects between 20 and 60 years of age, working in a wide range of professions. Subjects were recruited via local press and personal networks.
Procedures
Prior to the FCE, subjects filled in a set of questionnaires concerning: − General demographics such as gender, age, weight, height, education level and work status. − Self-reported health, assessed by means of the Rand-36, a generic health measuring scale covering 9 domains of functioning and well being. These are vitality, mental health, social functioning, general health perception, pain, role limitations (emotional problem), role limitations (physical problem), physical functioning and health change [18] . − Self-reported habitual physical activity in sports, leisure time and work, assessed by means of the Baecke questionnaire [19] . Risks when performing physical exercise were assessed by means of the Physical Activity Readiness Questionnaire (PARQ) [20;21] . The PARQ is a screening list consisting of 7 questions concerning risk factors for musculoskeletal and cardiovascular pathology. (e.g. Do you feel pain in your chest when you do physical activity?) Inclusion criteria were: signing of an informed consent; meeting the criteria of the Physical Activity Readiness Questionnaire (PARQ); blood pressure in rest was below 159 mmHg (systolic) / 100 mmHg (diastolic) [22] ; subjects between 20 and 60 years of age; working at least 20 hours per week and no absenteeism from work because of musculoskeletal complaints for more than two weeks (5%) during one year prior to the FCE. Upon completion of the FCE, subjects received their personal results, a coupon of €15,-and travel expenses.
Subjects performed a two hour, 12-item FCE covering 5 domains of physical activity. The domains were: material handling, postural tolerance, coordination and repetition, hand and finger strength and energetic capacity. After an introduction to general FCE procedures, subjects were verbally instructed on how to perform each individual test. Each test was also demonstrated by the evaluator. Subjects were allowed to begin the next test when the heart rate (HR) was below 70% of the age related estimated maximum HR (220-age). Testing order was fixed. Subjects were individually evaluated by 1 of 15 physical therapy students who had completed a 2-day FCE-training by a licensed WorkWell trainer specifically for this purpose. Interrater reliability of the WorkWell FCE has previously been found to be excellent [24] and was not calculated for this study. However, students were trained until acceptable agreement between evaluators was reached. This study was approved by the Medical Ethical Committee of the University Medical Center Groningen, the Netherlands.
Functional Capacity Evaluation
The FCE in this project consisted of 12 tests, based in large (but not fully) on the WorkWell FCE [23] . With respect to the WorkWell FCE, the forward bend test was adapted by loading the thoracic spine with an additional 5 kg weight and the Bruce treadmill test was included to measure energetic capacity. Procedures, objectives and psychometric qualities of the tests are listed below. [25] and ICC = 0.89 in healthy subjects [26;27] . ICF code: d4300. Carrying. Objective: capacity of two handed carrying. Materials: plastic receptacle (40 x 30 x 26 cm). A wall mounted system with adjustable shelves and weights of 1.0, 2.0 and 4.0 kg. Procedure: 20 meters carrying at waist height with receptacle within 90 sec. Four to five weight increments until maximum amount of kg was reached. Test-retest reliability: ICC = 0.81 in LBP patients [25] and ICC = 0.84 in healthy subjects [26] . ICF code: d4302.
Material Handling
Postural tolerance
Overhead Working. Objective: capacity of postural tolerance of overhead working. Materials: aluminium plate adjustable in height with 20 holes, bolts and nuts and two cuff weights of 1.0 kg each. Procedure: standing with hands at crown height, manipulating nuts and bolts wearing cuff weights around the wrists. The time that position is held was measured (sec). Test-retest reliability: ICC = 0.90 in healthy subjects [27] . ICF code: d4158. Forward Bending stand. Objective: measure postural tolerance of forward bending. Materials: A wall mounted system with a shelve at 74 cm height. Bolts and nuts and one weight of 5.0 kg. Procedure: standing with flexed trunk between 30 and 60°, manipulating nuts and bolts. Upper thoracic spine is loaded with a weight of 5.0 kg, placed between center and shoulder blade at approximately T3. The time that position is held was measured (sec). Test-retest reliability without weight: ICC = 0.96 in LBP patients [25] and ICC = 0.93 in healthy subjects [26] . ICF code: d4158.
Coordination and repetitive tasks Dynamic Bending. Objective: capacity of repetitive bending and reaching. Materials: 20 marbles and 2 bowls with a 14-cm diameter positioned at floor and crown height. Procedure: standing with knees flexed between 0 and 30°, move marbles vertically from floor to crown height as fast as possible. Time needed to remove 20 marbles is scored (sec). Test-retest reliability: ICC = 0.72 in LBP patients [25] and ICC = 0.45 in healthy subjects [26] . ICF code: d4452. Repetitive Side Reaching. Objective: capacity of fast repetitive side movements of the upper extremity. Materials: 30 marbles and 2 bowls with a 14-cm diameter positioned at table height (74cm). Procedure: sitting with bowls on wingspan distance, move marbles horizontally at table height from right to left with right arm as fast as possible and vice versa. Time needed to move 30 marbles is scored (sec). Test-retest reliability: ICC = 0.45 to 0.64 in LBP patients [25] . ICC = 0.54 to 0.72 in healthy subjects [26] . ICF code: d4452. Fingertip Dexterity. Objective: capacity of fingertip dexterity. Materials: Purdue Pegboard (Model #32020, Lafayette IN). Procedure: sitting subject in front of the pegboard, placing pins with left and right hand as fast as possible in a 30 sec trial. Average number of pins placed in 30 sec over three trials in both hands was scored. Test-retest reliability in three trial score ranged from ICC = 0.73 to 0.91 in healthy subjects [27;28] . ICF code: d4458. Hand and Forearm Dexterity. Objective: gross movement coordination of fingers, hands and arms. Materials: a Complete Minnesota Dexterity Test (Lafayette IN.). Procedure: sitting subject displacing 59 blocks in a pre determined way as fast as possible. Total displacing time needed to perform four trials with both hands was scored. Reliability: Four trial reliability in healthy subjects ranged from 0.77 to 0.98 [27;29;30] . ICF code: d4458.
Hand and finger strength Handgrip Strength. Objective: isometric grip strength. Materials: a hand dynamometer (Jamar PC 5030, Preston Corporation, 1994). Procedure: in a seated position, the subjects held their shoulder adducted and neutrally rotated, elbow flexed at approximately 90° and the forearm and wrist in neutral position [31] [32] [33] . Grip strength of the right and left hand was measured in a three trial procedure. Only the second handgrip position will be reported in this paper. Average amount of kgF was scored. Test-retest reliability: ICC > 0.93 [31] . ICF code: d4400 / s73022. Finger Strength. Objective: isometric tip, key and palmar pinch strength. Materials: a pinch-grip dynamometer (Preston Pinch Gauge; J.A. Preston Corporation). Procedure: in a seated position, the subjects held their shoulder adducted and neutrally rotated, elbow flexed at approximately 90°, the forearm and wrist in neutral position [31;32] . For the tip pinch, subjects pinched for 3 seconds with index finger above thumb. Facilitation of middle finger was not permitted. Palmar strength was measured with both index and middle finger on top and thumb below the dynamometer. Key strength was measured using pinch strength of thumb on top. Strength of right and left fingers was measured in a three trial procedure. Average KgF was scored. Test-retest reliability: ICC > 0.76 in healthy subjects [27] . ICF code: d4400 / s73022.
Energetic capacity
Energetic Capacity: Objective: To predict the maximum oxygen consumption (presented in Metabolic Equivalents (METS)) by sub-maximal Bruce treadmill test (34) . Materials: Treadmill with a slope capacity of 22% and a heart rate monitor. Procedure: the treadmill is set up with the Stage 1 speed (2.7) km/hr and grade of slope (10%) and the subject commences the tests. Every 3 minutes, slope and speed are adjusted following the Bruce protocol. Test is terminated when subject's 85% of age related max is reached. Prediction of VO 2 max was done according to the following formula: METS = [16.62 + 2.74 (1.17 minutes of exercise) -2.584 (weighting factor for sex) -0.043 (years of age) -0.0281 (kg body weight)] / 3.5, where weighting factor for sex is 1 for men and 2 for women [35] . Test-retest reliability: r = 0.99 in healthy subjects [35] . ICF code: b4551.
Test termination criteria
Tests were terminated in one of the following situations (whichever came first): − Cardiac endpoint: reached when HR was above 85% of age related estimated maximum (220-age). HR was measured with a heart rate monitor. − Biomechanical endpoints: reached when loss of solid standing basis during lifting tasks or loss of control of the load were observed [24] . Biomechanical endpoints were determined by the evaluators. − Subject endpoints: reached when subjects stopped the test. Subjects were allowed and instructed to stop at any point they wished.
Analyses
Subjects were classified into four categories of workload following the physical demands used in the DOT (sedentary, light, medium and heavy/very heavy). The physical demands were classified according to the criteria presented in Table 1 . Examples of professions classified in the DOT are provided in Table 1 . The workload categories 'heavy' and 'very heavy' were merged because the number of inclusions of subjects working in these demand categories was expected to be small. In order to provide normative values, means, ranges, standard deviations and percentiles were calculated. Additionally, linear regression analyses (method enter) were performed with test results as outcome variables and gender (female=0, male=1), age (yrs), height (cm), weight (kg) and DOT categories as predictor variables. DOT categories 2, 3 and 4 were entered as dummy variables in the regression equation. 
Results
Subjects
A total of 701 subjects were included in this study (448 men, 253 women). These subjects represented over 180 different professions. No female subjects were identified who were working in the DOT category 4; 'Heavy/very heavy'. Characteristics of the subjects are presented in Table 2 .
Material Handling
The domain material handling consisted of three different tests: lifting low, lifting high and carrying. The results of these tests are presented in 
Mean (sd)
36 (15) 38 (15) 41 (14) 53 (14) 16 (6) 17 (6) 18 (6) 24 (5) 38 (14) 40 (14) 43 (13) 53 ( 
260 (135) 246 (105) 264 (122) 280 (117) 420 (343) 342 (282) 363 ( (20) 182 (23) 191 (24) 184 (24) 194 (24) 188 (22) 
Prediction of outcome
In Table 4 , results of the regression analyses are presented. To predict test outcome related to the personal variables gender, age, height, body weight and DOT category, subjects' personal characteristics can be inserted in the regression equation. Two virtual examples of different individuals working in different professions are provided in Table 4 . Depending on the test, outcome can be predicted from 5% to 59% from the variables gender, age, height, body weight and workload (Table 4 ). The variance in strength and material handling tests can be largely explained by gender. The Postural Tolerance tests can only minimally be predicted. 
Discussion
The establishment of normative values for FCE may improve clinicians' recommendations for return to work, because comparing patients' FC to normative values instead of to data gathered from WPA, enables clinicians to screen for potential imbalance between workload and work capacity without having to perform a WPA and at the same time gaining additional information concerning FC of patients in relation to a norm group. The normative values gathered in this study were performed with subjects who have reported good health and participation in work in the year prior to the FCE. This means that capacity as measured in the FCE is sufficient to meet the workload in all subjects. For clinical use, when the patients' FC is equal to or exceeds the lowest valid case in the norm group, FC is sufficient to meet the workload. These norms, therefore, provide information about a minimal required capacity. In fact, capacity of the lowest performing subject in the FCE should be sufficient for successful work in the corresponding DOT category. If a subject's capacity is below that of the lowest performing subject, it is unclear whether this capacity may still be sufficient for the particular workload or not. Additional assessment of physical work demands related to capacity may in those cases be necessary. The WorkWell FCE protocol, on which the selection of tests in this research was partly based, extrapolates its test results to a normal working day. This extrapolation is based on the assumption that test results of lifting and carrying, in which an observed effort level of 'heavy' was identified by the evaluator, corresponds to the physical demand which is required 'occasionally' [23] . If the subjects' FCE results, classified with an observed effort level of 'heavy' or more were compared to the physical demands of table 1, then all subjects who were classified in the DOT category 'sedentary' and 'light' met the lifting and carrying work demands. However, capacity of 6% and 28% of the subjects working in the 'medium' and 'heavy' category respectively, the maximum work demand to meet was not met [36] . Based on the work demands of the DOT, a valid comparison of the lifting and carrying scores with the DOT, implies that comparing to the first percentile is valid for the sedentary and light professions, the 10 th percentile is valid for medium professions and the 30 th percentile is valid for the heavy and very heavy professions. Professions classified as being equally heavy in the DOT vary considerably, in line of industry (e.g. same DOT category, different profession) or by person. Since the appearance of the 4 th version of the DOT in 1991, mechanization and automation in many professional branches in Western society have continued, which usually made work physically less demanding, suggesting that professions categorized as heavy, may in fact no longer require the demands to fit the predicate 'heavy'. Because this might be a possible threat to the validity of the DOT, updated information on work demands in new professions will gain a better knowledge of physical workload. The reason the DOT was used in this research is that, to the best of our knowledge, no other widely acknowledged standard seems to be available.
One of the limitations of this research is that FCE focuses largely on the physical part of capacity. When capacity is evaluated in a bio-psychosocial context, as described in the ICF and agreed upon among FCE experts [8] , capacity refers to the highest probable level of functioning that a person may reach in a domain at a given moment in a standardized environment [37] . The context in which work takes place, however, significantly differs from the standardized environment in which the FCE takes place. Translation of capacity testing into performance in daily life continues to be challenging, because other barriers may hinder patients to successfully return to their jobs. In that, measuring the "bio" aspect solely will be insufficient for most applications in rehabilitation, occupational and insurance medicine. Functional capacity may however, function as one of the pre-requisites for returning to work [38] . Furthermore, capacity of some of the tests is largely dependent on personal characteristics such as age and gender (see examples below Table 4 ). For clinicians who are interested in a patient's capacity in comparison with healthy subjects with corresponding gender, age, weight and height, can use the regression equations as provided in Table 4 . For the strength tests (lifting low, lifting high, carrying, and hand strength) variance can be explained by personal factors for 34 to 59%. In these tests, gender is the main predictor which corresponds with results from previous studies [32] . Remarkably, age was not found to be significantly predictive for handgrip and pinch strength, whereas in a different study, handgrip strength was found to decline progressively after the age of 60 [39] . Significant decline in Handgrip strength was small in the age from 25 to 55 [39] . Further research with correction for multiple personal factors is recommended to be able to draw some grounded conclusions. The static endurance tests were found to have very low explained variance (overhead work and forward bending; 8% and 5% respectively). This means that static workload can be performed equally between men and women and that it is independent of age, body height and body length. Clinicians are recommended to take into account the varying percentage of explained variance when using these regression equations, as provided in Table 4 , in practice. The reason, however, that the researchers have chosen to present all normative values not specified by gender and age is, that capacity should be sufficient to overcome the relevant workload regardless of age or gender.
Another point that should be addressed was the low number of subjects performing in DOT 4 (N=48). The power in this group would have been higher if inclusions in all DOT categories were divided equally. This, however, appeared to be impossible. Clinicians should keep this in mind when considering and interpreting these data as true normative data. Remarkable in this study sample is the absence of women working in DOT 4. There may be several explanations for this. One explanation is that the capacity of the majority of women may be insufficient to work in DOT 4. When we compare the capacity of women working in other DOT categories to the work demands of DOT 4, it appears that the capacity of 98% of all women is insufficient to perform in DOT 4. Another explanation may be of a cultural nature, which is that women still are, or consider themselves to be excluded from 'male' jobs such as construction occupations. st percentile may possibly still be sufficient to perform work. The reason for this low performance should be identified within a bio-psycho-social context. Additional assessment of physical demands by means of WPA may be recommended in these cases. Further research about the validity and utility of the normative values from this study should focus on the concurrent validity of the normative values and results adapted from WPA's. In case if concurrent validity is sufficient, patients' results of capacity can be compared to these normative values in order to make work performance recommendations.
To our knowledge, the results of the present study are the first normative data of Functional Capacity of healthy working subjects. A total of 701 subjects was evaluated, which leads to stability of data. Therefore, the results should provide tools for clinicians to improve their judgments and recommendations for the physical part of work ability. This research contributes to closing the gap between workload and work capacity. Overall, it can be concluded that the normative values derived from this research contribute to a better interpretation of the functional outcome of an FCE. Because of the limitations addressed in the discussion section, authors suggest not to utilize these normative values as 'rules' but rather as guides to support clinical decision makings.
